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Journal of Infection (2016) xx, 1e3www.elsevierhealth.com/journals/jinfLETTER TO THE EDITORModern approach to infectious disease
management using infrared thermal camera
scanning for fever in healthcare settingsDear Editor,
Sun and colleagues have recently reported in this
Journal the use of radar systems including thermography
for use in infectious disease screening at airports.1,2 We
conducted a prospective study to assess the value of the
use of infrared thermal cameras in detecting fevers in
both patients and healthcare workers between May 2015
and February 2016 in a university hospital center in South-
ern France.
We used the MOBOTIX M15D infrared thermal camera
(MOBOTIX, Germany) and Genius 2 Tympanic Thermom-
eter (COVIDIEN, Ireland) for measuring temperature.
Initially, we tested the infrared thermal camera for detect-
ing fever (temperature of patients 38.5 C) using the orig-
inal parameters as recommended by the manufacturers
(Fig. 1). We then performed a temperature pre-test using
an infrared thermal camera on one hundred people,
including 50 out-patients and 50 members of the medical
staff. Nineteen percent of temperature measurements
were false positive fevers, and occurred during a period
of strong variations in room temperature over the pre-
test period (May 2015), ranging from 21 C to 30 C.
We then performed a calibration test of the infrared
thermal camera by taking into account room temperature
variation. The correlation between camera detection
temperatures according to ambient temperature revealed
a decrease in the detection threshold as the temperature
rises in the room. Linear regression was reported (Fig. 2).
We identified a correction with an equation: detection
temperature Z 38.99 þ (0.429) ambient temperature
þ 0.338 thermal sensitivity of the camera (R). We observed
that temperature detection varies by 0.429 C per degree
of room temperature variation. From this equation, we
calculated R for the detection of temperature at 36.4 C
for an ambient temperature of between 21 C and 30 C
and performed a linear regression to find the equation for
adjustment of the camera: R Z 1.16 Ta þ 225.96.
Once the device has been adjusted to room tempera-
ture, we performed 625 temperature measurements,Please cite this article in press as: Bardou M, et al., Modern approach
scanning for fever in healthcare settings, J Infect (2016), http://dx.d
http://dx.doi.org/10.1016/j.jinf.2016.08.017
0163-4453/ª 2016 The British Infection Association. Published by Elsevincluding 246 measures of in-patients and out-patients,
and 379 measures of healthcare workers by staying for a
few seconds in front of using an infrared thermal camera.
We identified 14 cases (2.24%) of fever in our study. Five
febrile cases detected by the tympanic thermometer and
infrared thermal camera had an upper respiratory infec-
tion. Thirteen febrile cases were detected both with the
tympanic thermometer and infrared thermal camera (true
positive). Two cases were detected only by the infrared
thermal camera, which were confirmed to be false posi-
tive cases. One febrile case was not detected with the
infrared thermal camera (false negative: 38.5 C). Six-
hundred and nine cases were afebrile, i.e. fever was not
detected by both techniques (true negative: n Z 609
cases).
The sensitivity of the infrared thermal camera in
detecting febrile cases was identified as 0.9286 (95% CI:
0.6613e0.9982); and the specificity of the infrared thermal
camera in detecting febrile cases was identified as 0.9967
(95% CI: 0.9882e0.9996). The positive predictive value of
the infrared thermal camera in detecting febrile cases was
identified as 0.8667 (95% CI: 0.5954e0.9834). The negative
predictive value was identified as 0.9984 (95% CI:
0.9909e1).
In this paper, we reported on an initial study of
automated fever screening using infrared thermal cameras
in a French clinical infectious diseases unit. The sensitivity
of infrared thermography camera in mass screening for
fever in our study was higher than previous studies (ranging
from 4% to 89.6%).3e9 The specificity of our study was
higher than that reported in the literature (ranging from
75.4% to 99.6%).3e9 The positive predictive value was higher
in our study than that reported in the literature (ranging
from 0.9% to 76%); and the negative predictive value was
higher in our study than that reported in previous studies
(ranging from 86.1% to 99.7%).3e9
In our study, we observed that ambient temperature
had a direct effect on threshold fever detection using
infrared thermal cameras. The effects of ambient tem-
perature variation on the performance of infrared thermal
cameras have been reported.3,6,8e10 Ng et al. proposed
maintaining the ambient temperature at between 20 C
and 25 C for optimal conditions for fever screening using
infrared thermal cameras.3 Chan et al. observed a small
effect of ambient temperature on the performance of
infrared thermal cameras, with a rate of 0.196 C perto infectious disease management using infrared thermal camera
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ier Ltd. All rights reserved.
Figure 1 Febrile detected subject using MxControlCenter (v2.5.3.5) software (a), and MOBOTIX M15D infrared thermal cam-
era (b).
Figure 2 Influence of room temperature on threshold temperatures detected.
2 Letter to the Editordegree Celsius of increase in ambient temperature.8 How-
ever, we found that the temperature detected varied by
0.429 C per degree Celsius of variation in ambient
temperature.
No previous studies proposed a model to correct this
confounding factor. We are the first to report that infrared
thermal cameras are a powerful tool for fever screening in
situations of great variation in ambient temperature by
introducing the R correction. The best values for sensi-
tivity, specificity, positive and negative predictive values
in our study may be explained by the thermal sensitivity of
the infrared cameras which had been calibrated byPlease cite this article in press as: Bardou M, et al., Modern approach
scanning for fever in healthcare settings, J Infect (2016), http://dx.dconsidering variations in ambient temperature before
clinical application.
The clinical effectiveness of mass screening for fever
using infrared thermal cameras has recently been reported
using an algorithm involving heart and respiratory rate in
order to detect respiratory infectious diseases.1 This algo-
rithm has identified infected persons with a good sensitivity
and specificity in 54 out-patients and 33 negative controls.
However, this study was limited by the low number of indi-
viduals included and the high number of false positives
(18%). In our study, we identified five cases presenting
symptoms of contagious respiratory infection. These casesto infectious disease management using infrared thermal camera
oi.org/10.1016/j.jinf.2016.08.017
Letter to the Editor 3were isolated for the purposes of infection control. We
believed that rapid fever detection using infrared thermal
cameras, followed by rapid clinical intervention remains
the most effective way of controlling infection. Mass
screening for fever using infrared thermal cameras will be
included at an early stage in the reception of patients as
part of the rapid and efficient control of infection. Infrared
thermal cameras are a rapid and reliable way to detect fe-
ver in infected persons in clinical settings. This modern
approach should be included in the management of infec-
tious diseases to efficiently control infection. Prior calibra-
tion of the thermal sensitivity of infrared thermal cameras
according to ambient temperature is required to obtain
greater accuracy.
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